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EFFECTS OF A SIMULATED ICE FORMATION ON THE

AERODYIUMIC CHAEACT3#~ISTICS OF All AIRFOIL

.B7 Beverly (3. Guliok
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IMTRODUCTIOIJ

In connection with the general study of icing prob-
lems x Item of maJor Interest iEI the effect of ice on
the aerodynamic characteristics of a wln~. Of particular
interest is the effect of the ice which remains on a wln~
under some flight conditions in spite of the operation of
rubber de-icers.

At the request of the H.A.C.A., a questionnaire seek-
ing information as to the size and distribution of such
ice particles on the wings was circulated to transport
airplane operators by the Air Transport Association of
America. The information received in response to this
questionnaire shows that under certain conditions Ice ad-
heres to the wing in Irregular ridges on both sides of the
inflatable rubber tubes. One of the photographs received
of icing conditions in flight is shown In figure 1.

Since it was not feasible to simulate all possible
distributions of ice which might occur over the leadlng
edge of a wing, a single distribution was arbitrarily
chosen to represent a severe case of this type of icing.
As a consequence of the llmited test program the results
are not general and only indicate the orde’r and magnitude
of the effects which may occur.

EQUIPMEHT AND TESTS

As the 6- by 36-foot l?.A.C.A. 0012 metal airfoil used
for the invostigatlon was primarily constructed to obtain
section characteristics, particular care was taken to
achieve a smooth surface. The entire mrface was sprayed
wtth several coats of paint primer whl~ was smoothed with
sandpaper between ea~h application and finally polished
wtth rubbing compound.

To simulate the ice formation, a mixture of tar =d
crushed slag was applied to a strip of cloth whi~ was at-
tached over the leading edgo of the airfoil (fig. 2). The
size of the crushed slag was limited to that which would
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pass through a l/4-inch mesh sieve. Figure 3
arrangement and size of the formations on the

shows the
airfoil.

The tests were made in the full-scale wind tunnel
(reference 1) at an air speed of approximately 60 miles
per hour.

RXSULTS AMD DISCUSSIO19

The results showing the effects of the simulated ioe
formation on the aerodynamic characteristics of the air-
foil are presented in figures 4 and 5. The data are fully
corrected for all wind-tunnel effects. .

The simulated Ice formation reduces the slope of the
lift curve over the entire useful angle-of-attack range
although the greatest effeot occurs near the angle for
ma,ximum lift. The maximum lift coefficient is reduced
from 1.32 to 0.80 with no appreciable ohange in the angle
of attack of maximum lift. The profile-drag coefficient
at the high-speed lift coefficient is inoreased by 90 per-
cent. Since the tests were made on an extremely smooth
airfoii, this increase may be somewhat greater than should
be expected for a .servico-type wing. The ratio of lift to
drag is reduced throughout the angle-of-attack range, the
maximum value being reduced from 23.7 to 14.5. The pitch-
ing-moment coefficients about the ac!rodynsda center are
not greatly affected by the sinulated ice formation.

Of the foregoing effects the reduction in the maximum
lift coefficient IS probably of greatest concern to air-
plane operators. This reduction In the maximun lift co-
efficient entails a corresponding increase in the airplane
stalling speed whiah varies with the wing loading as shown
in figure 5. Any increaso in tho stalling speed consti-
tutes a potential sourco of, danger. The danger lies. not
so nuch in the higher stalltng epeed, but more in the-pos-
sibility that the stall may ocour without advance warning
to the pilot. This 1S particularly true for a case in
which reliance is placed chiefly on the air-speed meter to
predict the stalling speed.

The increase in drag may be somewhat greater than
should he expected on a servfce-type wing butJ since the
simulated formation does not noceoearily represent the
worst condition that may occur, the uso of the foregoing
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results in making calculations of the probable effect of
the ice on the raage and rate of climb may not be too con-
aervatlveg

Langley Mernorlal Aeronautic@ Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs.”, March 6, 1938.
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Figure 1.- Ice remaining on deicer and engine cowling.
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Figure 2.- The simulated
IV.A.C.A.0012

ice formation.on the
airfoil.



N.A.C”.A. Figs.3,5

L Formation on the N.A.C.A. 0012 airfoil.
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The cloth strip with tar and
slag applied to the noee of
the airfoil.

Pattern cf tar and slag on the oloth strip.
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and arrangement of the simulated ice
A C .A. 0012 airfoil.
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Figure 5 - The increase in stalling speed resulting from the aim.iletedice
formation
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